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(57) ABSTRACT 

A method for forming a fin Structure on a Silicon-on 
insulator (SOI) wafer that includes a silicon layer on an 
insulating layer that is formed over a Semiconductor Sub 
Strate includes etching the Silicon layer using a first etch 
procedure, etching, following the first etch procedure, the 
Silicon layer using a Second etch procedure, and etching, 
following the Second etch procedure, the Silicon layer using 
a third etch procedure to form a T-shaped fin Structure. 

5 Claims, 8 Drawing Sheets 

PHOTO-RESIST 
260 

SECOND 

DELECTRC | FIRST 
LAYER SN DELECTRIC 
250 AYER 

240 
SLICON 
FN FN 

UNDERCUT 230 

BURIED OXDE 
220 

Si SUBSTRATE 
210 

  



US 6,787,854 B1 Sheet 1 of 8 Sep. 7, 2004 U.S. Patent 

9 || || 0 || || 90 || 

  



US 6,787,854 B1 Sheet 2 of 8 Sep. 7, 2004 U.S. Patent 

ClNO OES *~ 00Z 

  



US 6,787,854 B1 Sheet 3 of 8 Sep. 7, 2004 U.S. Patent 

  

  



U.S. Patent Sep. 7, 2004 Sheet 4 of 8 US 6,787,854 B1 

y 

& 

  

  

  

  

  

  



U.S. Patent Sep. 7, 2004 Sheet 5 of 8 US 6,787,854 B1 

  



US 6,787,854 B1 Sheet 6 of 8 Sep. 7, 2004 U.S. Patent 

9 '91-' 
Nivºa º NIH 

=BO+][YOS   



U.S. Patent Sep. 7, 2004 Sheet 7 of 8 US 6,787,854 B1 

s g 
8 

5 

  

  



US 6,787,854 B1 Sheet 8 of 8 Sep. 7, 2004 U.S. Patent 

0£ / ?JEJOVÝdS 

  

  



US 6,787,854 B1 
1 

METHOD FOR FORMING A FIN IN A 
FINFET DEVICE 

FIELD OF THE INVENTION 

The present invention relates generally to Semiconductor 
manufacturing and, more particularly, to forming fins in 
FinfBT devices. 

BACKGROUND OF THE INVENTION 

The escalating demands for high density and performance 
asSociated with ultra large Scale integration Semiconductor 
devices require design features, Such as gate lengths, below 
100 nanometers (nm), high reliability and increased manu 
facturing throughput. The reduction of design features 
below 100 nm challenges the limitations of conventional 
methodology. 

For example, when the gate length of conventional planar 
metal oxide Semiconductor field effect transistors 
(MOSFETs) is scaled below 100 nm, problems associated 
with Short channel effects, Such as excessive leakage 
between the Source and drain, become increasingly difficult 
to overcome. In addition, mobility degradation and a number 
of proceSS issues also make it difficult to Scale conventional 
MOSFETs to include increasingly smaller device features. 
New device Structures are therefore being explored to 
improve FET performance and allow further device scaling. 

Double-gate MOSFETs represent new structures that 
have been considered as candidates for Succeeding existing 
planar MOSFETs. In double-gate MOSFETs, two gates may 
be used to control short channel effects. A FinFET is a 
double-gate Structure that exhibits good Short channel 
behavior. A FinFET includes a channel formed in a vertical 
fin. The FinFET structure may be fabricated using layout and 
proceSS techniques Similar to those used for conventional 
planar MOSFETs. 

SUMMARY OF THE INVENTION 

Implementations consistent with the principles of the 
invention form a fin structure in a FinFET device. The fin 
structure is formed in the shape of a “T” through the use a 
Selective etching process. The T-shaped fin Structure allows 
a greater portion of the gate material to interface with the fin 
Structure thereby improving device performance. 

In accordance with the purpose of this invention as 
embodied and broadly described herein, a Semiconductor 
device includes a Substrate, an insulating layer formed on the 
Substrate, a fin Structure having a T-shaped cross-section that 
is formed on a portion of the insulating layer, and a gate 
formed on the insulating layer and Surrounding the T-shaped 
fin Structure. 

In another implementation consistent with the present 
invention, a method for forming a fin structure in a FinFET 
device is provided. The method includes forming a first 
dielectric layer on a silicon-on-insulator (SOI) wafer that 
includes a Silicon layer on an insulating layer that is formed 
over a Semiconductor Substrate, etching the first dielectric 
layer, and etching the Silicon layer to form a T-shaped fin 
Structure, where the etching includes a first etch, a Second 
etch, and a third etch. 

In yet another implementation consistent with the prin 
ciples of the invention, a method for forming a fin Structure 
on a SOI wafer that includes a Silicon layer on an insulating 
layer that is formed over a Semiconductor Substrate is 
provided. The method includes etching the Silicon layer 
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2 
using a first etch procedure, etching, following the first etch 
procedure, the Silicon layer using a Second etch procedure, 
and etching, following the Second etch procedure, the Silicon 
layer using a third etch procedure to form a T-shaped fin 
Structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of this specification, illustrate an 
embodiment of the invention and, together with the 
description, explain the invention. In the drawings, 

FIG. 1 illustrates an exemplary process for forming a 
FinFET device in an implementation consistent with the 
principles of the invention; 

FIGS. 2-5 illustrate exemplary views of a FinFET device 
fabricated according to the processing described in FIG. 1; 
and 

FIGS. 6-8 illustrate exemplary views of a vertically 
uniform doped Source-drain junction in accordance with 
another implementation of the present invention. 

DETAILED DESCRIPTION 

The following detailed description of implementations 
consistent with the present invention refers to the accom 
panying drawings. The Same reference numbers in different 
drawings may identify the same or Similar elements. Also, 
the following detailed description does not limit the inven 
tion. Instead, the Scope of the invention is defined by the 
appended claims and their equivalents. 

Implementations consistent with the principles of the 
invention form a fin structure in a FinFET device. The fin 
structure is formed in the shape of a “T” through the use of 
a Selective etching process. The T-shaped fin Structure 
allows a greater portion of the gate material to interface with 
the fin Structure, thereby improving device performance. 
This is an important Step for achieving a "round gate' 
FinFET structure, which provides effective control over 
transistor leakage and relax body thickness Scaling require 
mentS. 

Exemplary Processing 
FIG. 1 illustrates an exemplary proceSS for fabricating a 

FinFET device in an implementation consistent with the 
principles of the invention. FIGS. 2-5 illustrate exemplary 
views of a FinFET fabricated according to the processing 
described in FIG. 1. The fabrication of a single FinFET 
device will be described hereinafter. It will be appreciated, 
however, that the techniques described herein are equally 
applicable to forming more than one device. 
With reference to FIGS. 1 and 2, processing may begin by 

forming a first dielectric layer 240 on a Silicon-on-insulator 
(SOI) structure that includes a silicon Substrate 210, a buried 
oxide layer 220, and a silicon layer 230 on the buried oxide 
layer 220 (act 105). Buried oxide layer 220 and silicon layer 
230 may be formed on Substrate 210 in a conventional 

C. 

In an exemplary implementation, buried oxide layer 220 
may include a Silicon oxide and may have a thickness 
ranging from about 1500 A to about 3000 A. Silicon layer 
230 may include monocrystalline or polycrystalline silicon 
having a thickness ranging from about 200 A to about 1000 
A. Silicon layer 230 is used to form a fin structure for a 
FinFET device, as described in more detail below. 

In alternative implementations consistent with the present 
invention, Substrate 210 and layer 230 may comprise other 
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Semiconducting materials, Such as germanium, or combina 
tions of Semiconducting materials, Such as Silicon 
germanium. Buried oxide layer 220 may also include other 
dielectric materials. 

First dielectric layer 240 may be formed over silicon layer 
230 to act as a protective cap during Subsequent etching 
processes. In an exemplary implementation, first dielectric 
layer 240 may include a Silicon oxide, Such as SiO2, depos 
ited at a thickness ranging from about 15 A to about 400 A. 
A second dielectric layer 250 may then be formed over first 
dielectric layer 240 to act as a Second protective cap or an 
anti-reflective coating (ARC) layer for patterning during 
Subsequent etching processes (act 110). In an exemplary 
implementation, Second dielectric layer 250 may include a 
Silicon nitride, Such as SiN or SiN, deposited to a thickneSS 
ranging from about 100 A to about 800 A. 

Next, a photo-resist material may be deposited on dielec 
tric layer 250 (act 115). The photo-resist material may be 
deposited in a conventional manner. Photo-resist material 
may then be patterned to form a photo-resist mask 260 for 
Subsequent processing (act 120). The photo-resist material 
may be patterned in any conventional manner, Such as via a 
trim etch, to form photo-resist mask 260. For example, the 
photo-resist material may be patterned and trimmed to form 
a photo-resist mask 260 designed to achieve a Small width 
(e.g., from about 100 A to about 1000 A) associated with the 
Subsequently formed fin. 

First and second dielectric layers 240 and 250 may then 
be etched with the etching terminating at silicon layer 230 
(act 125). In an exemplary implementation, first and Second 
dielectric layers 240 and 250 may be etched using a fluorine 
chemistry, Such as CF. 

Next, a silicon etch may be performed on silicon layer 230 
with the etching terminating at buried oxide layer 220 (act 
130). In an exemplary implementation, the Silicon etch may 
include a three Step etching process. An initial anisotropic 
etching process may be performed to etch through approxi 
mately 70-80% of the thickness of the silicon layer 230. 
This initial etching process may be referred to as a “main 
etch.” During this etching, the non-etched portion of Silicon 
layer 230 will maintain a relatively straight profile. The etch 
chemistry, particular flow rates, power ranges, bias Voltages, 
etch duration and other parameters associated with the main 
etch may be optimized based on the thickness of Silicon 
layer 230 and the particular device requirements. In an 
exemplary implementation consistent with the principles of 
the invention, the main etch may involve providing a Cl/ 
HBr/CF/He-O, etch chemistry with a gas flow ratio of 
approximately 100:60, a pressure of about 3 milli-Tesla 
(mT) to 30 mT, and a source power range of about 300 watts 
to about 600 watts, and bias power range of about 50 watts 
to 100 watts. 

A Second isotropic etch proceSS may be used to further 
etch silicon layer 230 and form a fin structure. This second 
etching process may be referred to as a “Soft-landing etch.” 
The etch chemistry, particular flow rates, power ranges, bias 
Voltages, etch duration and other parameters associated with 
the Soft-landing etch may be optimized based on the thick 
neSS of Silicon layer 230 and the particular device require 
ments. In an exemplary implementation consistent with the 
principles of the invention, the Soft-landing etch may 
involve providing an HBr/He-O, etch chemistry with a gas 
flow ratio of approximately 15:1, a pressure of about 5 mT 
to 20 mT, and a source power range of about 500 watts to 
about 1000 watts and a bias power range of about 5 to about 
50 watts. 
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4 
A third etch proceSS may be used to further etch Silicon 

layer 230 and undercut silicon fin 230, as illustrated in FIG. 
3, to form a T-shaped configuration. This third etching 
process may be referred to as an “overetch.” The etch 
chemistry, particular flow rates, power ranges, bias Voltages, 
etch duration and other parameters associated with the 
overetch may be optimized based on the particular device 
requirements. In an exemplary implementation consistent 
with the principles of the invention, the overetch may 
involve providing an HBr/He-O, etch chemistry with a gas 
flow ratio of approximately 20:1, a pressure of about 50 mT 
to 100 mT, and a source power range of about 800 watts to 
about 1500 watts and a bias power range of about 60 to 120 
Watt.S. 

For a more isotropic etch, Cl- may be added to the 
Soft-landing and overetch processes to better control the fin 
undercut. The width of silicon fin 230 at the undercut region 
may range from about 90 A to about 300 A, while the width 
at the upper region of Silicon fin 230 may range from about 
150 A to about 500 A. Other gas combinations may alter 
natively be used for the main etch, Soft-landing etch, and 
overetch, as will be understood by those skilled in the art. In 
addition, one or more of the three etchings may be combined 
in alternative implementations. In each case, however, the 
resulting fin 230 has a T-shaped cross-section at the channel 
region. 

After the formation of fin 230, photo-resist 260 may be 
removed and conventional fabrication processing can be 
performed to complete the FinFET device. For example, a 
gate dielectric may be formed on the side surfaces offin 230. 
Source/drain regions may then be formed at the respective 
ends of fin 230, followed by formation of one or more gates. 
In an exemplary implementation, the gate material may 
include polysilicon deposited using conventional chemical 
vapor deposition (CVD) to a thickness ranging from about 
500 A to about 1500 A. Alternatively, other Semiconducting 
materials, Such as germanium or combinations of Silicon and 
germanium, or various metals may be used as the gate 
material. The gate material may then be patterned and etched 
to form the gate electrodes. 

FIG. 4 illustrates an exemplary croSS-Sectional view of a 
Semiconductor device consistent with the principles of the 
invention after the gate material 420 has been deposited. AS 
illustrated in FIG. 4, the T-shaped configuration of fin 
Structure 230 allows for a greater portion of gate material 
410 to interface with fin 230. It should be noted that the gate 
dielectric and protective dielectric layer(s) are not illustrated 
in FIG. 4 for simplicity. 

FIG. 5 illustrates a top view of semiconductor device 200 
consistent with the principles of the invention after the 
Source/drain regions and gate electrodes are formed. AS 
illustrated, semiconductor device 200 may include a double 
gate structure with fin 230, Source drain regions 510 and 
520, and gate electrodes 530 and 540. The dotted lines in 
FIG. 5 illustrate fin structure 230 and the thinned (i.e., 
undercut) portion of fin structure 230. 
The source/drain regions 510 and 520 may then be doped 

with n-type or p-type impurities based on the particular end 
device requirements. In addition, Sidewall Spacers may 
optionally be formed prior to the Source/drain ion implan 
tation to control the location of the Source/drain junctions 
based on the particular circuit requirements. Activation 
annealing may then be performed to activate the Source/ 
drain regions 510 and 520. 

Thus, in accordance with the present invention, a double 
gate FinFET device may be formed with a T-shaped fin 
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Structure that allows for a greater portion of the gate material 
to interface with the fin Structure. Advantageously, the 
resulting structure exhibits improved performance. In 
addition, the present invention provides increased flexibility 
and can be easily integrated into conventional processing. 

Additional Implementation 
In other implementations, a FinPET with a vertically 

uniform doped source-drain junction may be desired. FIGS. 
6-8 illustrate exemplary views of forming a vertically 
uniform doped Source-drain junction in accordance with 
another implementation of the present invention. A gate 620 
and spacers 630 may be formed on a silicon layer 610 over 
a buried oxide layer. Silicon layer 610 may be formed into 
a fin Structure and may further include Source and drain 
regions. 

The source and drain regions of silicon layer 610 may 
then be etched, as illustrated in FIG. 7. In one 
implementation, the etching of the Source and drain regions 
may terminate prior to reaching the buried oxide layer. The 
Source region 810 and drain region 820 may be filled via, for 
example, a doped epitaxial growth of the Silicon in Silicon 
layer 610, as illustrated in FIG. 8. In this manner, the 
Source/drain junction may be uniformly doped in the vertical 
direction. 

CONCLUSION 

Implementations consistent with the principles of the 
invention form a T-shaped fin structure in a FinFET device, 
allowing for a greater portion of the gate material to inter 
face with the fin structure. As a result, improved FinPET 
device performance can be achieved. 

The foregoing description of exemplary embodiments of 
the present invention provides illustration and description, 
but is not intended to be exhaustive or to limit the invention 
to the precise form disclosed. Modifications and variations 
are possible in light of the above teachings or may be 
acquired from practice of the invention. For example, in the 
above descriptions, numerous specific details are Set forth, 
Such as Specific materials, Structures, chemicals, processes, 
etc., in order to provide a thorough understanding of the 
present invention. However, the present invention can be 
practiced without resorting to the details Specifically Set 
forth herein. In other instances, well known processing 
Structures have not been described in detail, in order not to 
unnecessarily obscure the thrust of the present invention. In 
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practicing the present invention, conventional deposition, 
photolithographic and etching techniques may be employed, 
and hence, the details of Such techniques have not been Set 
forth herein in detail. 

While a series of acts has been described with regard to 
FIG. 1, the order of the acts may be varied in other 
implementations consistent with the present invention. 
Moreover, non-dependent acts may be implemented in par 
allel. 

No element, act, or instruction used in the description of 
the present application should be construed as critical or 
essential to the invention unless explicitly described as Such. 
Also, as used herein, the article “a” is intended to include 
one or more items. Where only one item is intended, the term 
“one' or Similar language is used. 
The scope of the invention is defined by the claims and 

their equivalents. 
What is claimed is: 
1. A Semiconductor device, comprising: 
a Substrate; 
an insulating layer formed on the Substrate; 
a fin Structure having a T-shaped cross-section and being 

formed on a portion of the insulating layer, the fin 
Structure including a lower portion and an upper 
portion, wherein a width of the upper portion of the fin 
structure ranges from about 150 A to 600 A and a width 
of the lower portion of the fin Structure ranges from 
about 90 A to 300 A; and 

a gate formed on the insulating layer and Surrounding the 
T-shaped fin Structure. 

2. The semiconductor device of claim 1 wherein the gate 
comprises a polysilicon material. 

3. The semiconductor device of claim 1 wherein the 
insulating layer comprises a buried oxide layer. 

4. The semiconductor device of claim 1 wherein the fin 
Structure comprises Silicon, germanium or Silicon 
germanium. 

5. A Semiconductor device comprising: 
a fin Structure comprising an upper portion and a lower 

portion, a width of the upper portion of the fin structure 
ranging from about 150 A to 600 A and a width of the 
lower portion of the fin structure ranging from about 90 
A to 300 A; and 

a gate Structure formed adjacent the fin Structure. 

k k k k k 


